Background and Purpose-Neighborhood characteristics may influence the risk of stroke and contribute to socioeconomic disparities in stroke incidence. The objectives of this study were to examine the relationship between neighborhood socioeconomic status and incident ischemic stroke and examine potential mediators of these associations. Methods-We analyzed data from 3834 whites and 785 blacks enrolled in the Cardiovascular Health Study, a multicenter, population-based, longitudinal study of adults ages Ն65 years from 4 US counties. The primary outcome was adjudicated incident ischemic stroke. Neighborhood socioeconomic status was measured using a composite of 6 census tract variables. Race-stratified multilevel Cox proportional hazard models were constructed adjusted for sociodemographic, behavioral, and biological risk factors. Results-Among whites, in models adjusted for sociodemographic characteristics, stroke hazard was significantly higher among residents of neighborhoods in the lowest compared with the highest neighborhood socioeconomic status quartile (hazard ratio, 1.32; 95% CI, 1.01-1.72) with greater attenuation of the hazard ratio after adjustment for biological risk factors (hazard ratio, 1.16; 0.88 -1.52) than for behavioral risk factors (hazard ratio, 1.30; 0.99 -1.70). Among blacks, we found no significant associations between neighborhood socioeconomic status and ischemic stroke. Conclusions-Higher risk of incident ischemic stroke was observed in the most disadvantaged neighborhoods among whites, but not among blacks. The relationship between neighborhood socioeconomic status and stroke among whites appears to be mediated more strongly by biological than behavioral risk factors. (Stroke. 2011;42:3363-3368.)
C haracteristics of the neighborhood in which a person lives may influence the risk of stroke and may help to explain why stroke disproportionately affects disadvantaged persons in the United States, including those with low income, less education, and minority status. [1] [2] [3] [4] [5] There is a strong, independent association between residence in a socioeconomically disadvantaged neighborhood and incident coronary heart disease, even after adjustment for individual socioeconomic status (SES). 6 -9 Research from outside the United States suggests a relationship between low area SES and stroke. 10 -13 Nonetheless, only a few investigators in the United States have addressed the question in stroke, 10, 14, 15 and they have generally conducted cross-sectional analyses that do not adjust for individual SES and, with few exceptions, 10, 12 do not examine the role of traditional stroke risk factors as mediators of observed associations between neighborhood SES and stroke. We aimed to improve on these prior studies by examining the relationship between neighborhood SES and incident stroke and exploring the mediators of these associations in the Cardiovascular Health Study (CHS), a large population-based, longitudinal study of coronary heart disease and stroke in adults Ն65 years of age. The CHS data are well suited to address these gaps in the nascent literature on socioeconomically disadvantaged neighborhoods in the United States and incident stroke because participants' addresses are geocoded; their sociodemographic, behavioral, and biological stroke risk factors are well characterized; and their follow-up for stroke end points is Ͼ10 years.
Methods
The CHS is a longitudinal, population-based study of cardiovascular disease, as detailed previously. 16, 17 Briefly, participants were randomly sampled from Medicare eligibility lists in 4 US communities: Forsyth County, NC; Washington County, MD; Sacramento County, CA; and Pittsburgh (Allegheny County), PA. Eligible participants were ages Ն65 years, not institutionalized, and not requiring a proxy respondent at the time of recruitment.
Ischemic Stroke
The primary outcome was first ischemic stroke adjudicated by a cerebrovascular disease end point committee that also classified stroke subtype (ischemic, hemorrhagic, and unknown type) and determined whether death was caused by stroke. 16, 18, 19 
Neighborhood SES
Participants' baseline home addresses were geocoded to identify the residential census tract defined in the 1990 US decennial Census. Census tracts were used as a proxy for neighborhood given their relatively small spatial and population size. Although neighborhood definitions vary widely and are not perfectly captured by such administrative units, census tract characteristics have been shown to be robust predictors of health. 20 The neighborhood SES (NSES) index used in this study has been previously described in studies of the CHS population. 21, 22 It was constructed by summing the Z-scores of 6 census-derived SES indicators that represent the area's physical and social resources: (1) median household income; (2) median value of housing units; (3) percent households with interest, dividend, or rental income; (4) percent of residents Ն25 with a high school degree; (5) percent of residents Ն25 with a college degree; and (6) percent of residents in executive, managerial, or professional specialty occupations. Quartile 1 represented the highest residential NSES and Quartile 4 the lowest. Neighborhood SES differed between blacks and whites ( Figure) . Fewer than 25% of blacks in the highest race-specific quartile overlapped with whites in the cohort with even less overlap between the race-specific second and third quartiles of NSES for whites and blacks. Thus, we constructed separate race-specific NSES index quartiles for whites and blacks and conducted race-stratified analyses to examine neighborhood associations with stroke.
Covariates
Sociodemographic characteristics, including age, sex, race, median household income, and education, were all reported in the baseline survey. Health behaviors reported in the interview included smoking history, physical activity, alcohol use, and diet. Dietary intake was available for the original cohort only. Biological characteristics included in the models were subclinical cardiovascular disease, atrial fibrillation, hypertension, diabetes, and total cholesterol to highdensity lipoprotein cholesterol ratio. Subclinical cardiovascular disease was defined as evidence of any of the following: ankle-arm index Ͻ0.9; carotid stenosis Ͼ25%; internal carotid thickness Ͼ80th percentile; common carotid thickness Ͼ80th percentile; major electrocardiographic abnormalities; abnormal ejection fraction or wall motion on echocardiogram; and claudication or angina on the Rose Questionnaire. 22 
Study Sample
Baseline data were available for 5888 participants (Supplemental Figure I ; http://stroke.ahajournals.org). We excluded from the analyses 39 adults who were not white or black. Of the 4925 whites, we excluded 875 participants whose addresses were not geocoded or whose addresses matched to block groups with Ͻ100 persons, Ͻ30 housing units per block, or with Ͼ33% persons in group quarters, for example, military bases, 149 with prevalent stroke, and 67 with a Neighborhood socioeconomic status (NSES): overall versus racespecific quartiles ranges. The NSES index is the sum of the Z-scores of 6 variables from the 1990 US Census, measured at the census tract level: (1) median household income; (2) median value of housing units; (3) percent households with interest, dividend, or rental income; (4) percent of residents Ͼ25 with a high school degree; (5) percent of residents Ͼ25 with a college degree; and (6) percent of residents in executive, managerial, or professional specialty occupations. A higher NSES score is associated with more neighborhood socioeconomic resources.
prior transient ischemic attack, leaving an analytic sample of 3834 with 652 incident strokes (548 adjudicated as ischemic). Among the 924 blacks, 68 could not be geocoded, 58 had a prevalent stroke, and 15 reported a prior transient ischemic attack, resulting in an analytic sample of 785, 129 of whom had an incident strokes (102 ischemic).
Analyses
Means and percentage distributions of participant characteristics for those with and without incident ischemic stroke were generated by race. To examine whether NSES was associated with incident ischemic stroke, we constructed multilevel Cox proportional hazard models that adjusted for demographic, behavioral, and/or biological characteristics. Multilevel regression models provide a mechanism for decomposing the variation in outcome variables of interest into separate components due to individual-level and neighborhood-level effects 23 and enable us to estimate and test for neighborhood effects on the outcome variables at the same time as allowing for unobserved heterogeneity at the individual and neighborhood levels. By accounting for possible correlation of the error terms for individuals within the same census tract, they yield more accurate estimates of regression coefficients and SEs. Participants who had no ischemic stroke events before the study end date were censored at their first nonischemic stroke or at the time of death, if death was unrelated to stroke; otherwise, they were censored at June 30, 2006 . The race-specific multivariable models included the same covariates with 1 exception: there were too few blacks with a diagnosis of atrial fibrillation to include this variable in the model.
Mediation Analysis
To determine whether observed associations of NSES and ischemic stroke were mediated by behavioral or biological risk factors, we used methods described by Baron et al. 24 This approach allows us to decompose the association indirect (through the mediating risk factor) and direct effects. For the mediation analysis, we first examined the direct association between NSES and incident ischemic stroke and then tested whether NSES was associated with either the biological or the behavioral risk factors (as dependent variables) and whether these risk factors, in turn, were significantly associated with incident ischemic stroke. The indirect effects were estimated by calculating the proportion change in the hazard ratio for models with and without the risk factors. We used bootstrapping with 1000 repetitions to estimate SEs of the indirect effects. 25 In the mediation analyses, all regression equations were adjusted for individual sociodemographic characteristics.
Sensitivity Analyses
First, to determine whether prior transient ischemic attack influenced the relationship between NSES and incident ischemic stroke, we examined the NSES effect by including participants with a history of transient ischemic attack in the model. We conducted a second sensitivity analysis to examine the role of dietary factors. Because nutrition assessments were only available for participants in the original cohort, we included measures of fat and salt intake in a series of models restricted to white participants. As a third set of sensitivity analysis, we took 3 approaches to incorporating biological risk factors that were measured longitudinally such as systolic blood pressure and diastolic blood pressure. In separate models, we first incorporated the baseline value of these covariates; then the last available measurement before incident ischemic stroke, death, or study end date; and finally, we included them as time-varying covariates. 23 All participants gave written informed consent and all study protocols were approved by the Institutional Review Boards of participating institutions. These analyses were reviewed and approved by the University of California-Los Angeles Institutional Review Board.
Results

Descriptive Results
Compared with those included in the analyses, excluded white participants had higher rates of several demographic, behavioral, and biological risk factors for stroke; excluded blacks generally had lower rates of the biological risk factors than those included in the analyses (Supplemental Table III ). Over the mean 11.5 years of surveillance (12.2 years for whites and 10.8 years for blacks), 548 (14.3%) of the whites and 102 (13%) of the blacks were diagnosed with incident ischemic stroke (Table 1) . Whites resided in 317 of the 363 census tracts represented (median, 8 participants per tract; interquartile range, 3-15) and blacks in 162 tracts (median, 2 participants per tract; interquartile range, 1-6).
NSES and Incident Ischemic Stroke
Among whites, in the unadjusted models, ischemic stroke hazard was higher in all quartiles of NSES compared with the highest NSES (Quartile 1); the hazard ratio (HR) ranged from 1.33 (95% CI, 1.04 -1.71) for Quartile 2 to 1.56 (95% CI, 1.22-2.00) for Quartile 4 (the lowest quartile of NSES; Table IV ). Among blacks, in contrast to whites, the stroke hazard was lower in all quartiles of NSES compared with Quartile 1 but never reached statistical significance in either the unadjusted or adjusted models. In the fully adjusted model, the HR ranged from 0.64 (95% CI, 0.37-1.12) to 0.68 (95% CI, 0.39 -1.20). The only covariate that remained significant in the full model was alcohol use. Compared with participants who did not drink alcohol, those who reported 1 to 7 drinks per week had a lower ischemic stroke hazard; reporting Ͼ7 drinks per week was not associated with incident stroke.
Among whites, biological risk factors accounted for approximately 13.0% (95% CI, 4.3%-21.0%) of the association between NSES and incident ischemic stroke. In contrast, behavioral risk factors, which were not found to be significant mediators, accounted for only 1.2% (95% CI, Ϫ0.2% to 9.2%) of the association (Supplemental Table III) .
Our findings remained robust in the sensitivity analyses. Including participants with a history of transient ischemic attack did not appreciably alter the associations in any of the models. Incorporating dietary cereal fiber or salt intake into models restricted to whites did not change the main findings in the models. Use of baseline biological measurements, last observed biological measurements, and time-varying covariates all produced comparable results, so we presented only results for the baseline measurements.
Discussion
In this longitudinal study, we found higher incidence of ischemic stroke among whites residing in the most disadvantaged neighborhoods. Our analyses suggest that this relationship is mediated primarily through higher levels of biological risk such as hypertension, diabetes, hyperlipidemia, and atherosclerotic disease in lower SES neighborhoods. In contrast, among blacks, residents of neighborhoods with lower NSES had lower incidence of ischemic stroke than those in higher SES neighborhoods, although this difference did not reach statistical significance.
Our finding that NSES is mediated by biological risk factors does not mean that neighborhood characteristics do not influence stroke risk nor does it mean that the behavioral risk factors are not important. Instead, these results underscore the importance of understanding the relationship between neighborhood characteristics and both behavioral and biological stroke risk factors over the life course. The cardiometabolic dysregulation that contributes to conditions such as hypertension, diabetes, hyperlipidemia, and their complications appears to be influenced by both individualand community-level disadvantage. Recent research suggests that neighborhood disadvantage is independently associated with such measures of biological risk 26 and that the incidence of diabetes in a community is associated with specific features of low SES communities, among them few resources for physical activity (eg, parks and recreation areas) and poor access to healthy food. 27 The neighborhood socioeconomic disparities in stroke risk evident in our study seem to be mediated by the prevalence of stroke risk factors. Thus, public health efforts to reduce the morbidity and mortality associated with stroke may require more coordinated intervention that incorporates both individual and community components.
We interpret the finding of a positive association between NSES and incident ischemic stroke among blacks with caution. First, the relatively small black sample in these analyses may not be representative of black residents of the 4 communities. The differences by race in the strength and direction of the association between NSES and incident ischemic stroke may have several possible explanations. There may have been unmeasured confounders of the relationship, among them life course exposures (eg, maternal malnutrition) that differed between whites and blacks. 28 Furthermore, because the vast majority of blacks lived in neighborhoods whose NSES was in the lowest overall quartile for both races, variation among blacks may have been too limited to observe a significant effect of NSES. Finally, although in the general population, stroke incidence rates are higher for blacks than whites at every age, the greatest disparity is seen in young and middle-aged blacks, peaking among adults ages 35 to 44 years. 29, 30 If blacks in the 4 study communities had strokes before becoming eligible for Medicare, they would have been less likely to have been enrolled in the CHS cohort (because of age restrictions, earlier death, or functional limitations that deterred study participation) and, even if enrolled, would have been excluded from these analyses, which were limited to those without a prior stroke. The remaining blacks in the analytic cohort may thus represent "healthy survivors," an effect that would be particularly pronounced if stroke at a younger age were associated with NSES. There is clearly a need for additional investigation into the association between NSES and stroke risk in a large, population-based cohort of blacks.
This study has several strengths. We have a large population-based cohort of older adults who were followed longitudinally for many years, and thus we were able to assess a substantial number of incident ischemic strokes. We also had extensive individual and neighborhood socioeconomic data in addition to detailed data on participants' health behaviors and clinical characteristics.
The study also has potential limitations. Although CHS participants were derived from a representative sample of Medicare enrollees, only 4 geographical areas in the United States were represented. Furthermore, the enrolled participants may not have reflected the racial/ethnic diversity of these areas; some racial/ethnic groups, particularly Latinos, may be underrepresented among Medicare enrollees, and participants who did not self-identify as white or black were excluded. As the aging population becomes more diverse, the influence of place on the risk of stroke will need to be studied in cohorts of Latinos, Asians, and Pacific/Islanders, particularly those who reside in racially and ethically varied communities. We used baseline residential addresses and did not incorporate information on whether participants moved over the study period. However, residential mobility appears to be relatively low by age 35 years and declines rapidly thereafter, thus using the characteristics of the neighborhood of residence at baseline for those who move is unlikely to bias the estimates that would be obtained if the characteristics of destination neighborhoods were available. [31] [32] [33] Finally, management of stroke and treatment targets for the biological risk factors has changed appreciably since the study's inception. Nonetheless, disparities resulting from individual and neighborhood disadvantage likely have persisted and may be more pronounced, because diffusion of new therapies is often delayed to vulnerable individuals and communities.
The findings of this study suggest a need to incorporate public health and community-level interventions into the individual efforts to reduce stroke risk in diverse, lowincome, and underserved communities. Additional research is needed to understand more fully which features of disadvantaged neighborhoods have the strongest influence on stroke and its risk factors; how specific neighborhood characteristics such as stressful social environments or inadequate social support, a lack of safe places to exercise or to obtain healthy foods, or an overabundance of fast food outlets may influence the health behaviors and biological factors that contribute to stroke; and whether these associations differ by race/ethnicity. 34 
